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Abstract: 

EP 677584 A 



Stable mutants of D-N- alpha -carbamylase (DNC) are claimed, characterised in that at least one of the 
Cys residues at position 243, 250 and 279 of the wild-type DNC amino acid sequence is substd. with a 
different residue selected from natural amino acids. 

USE - The mutant DNC is used for the prodn. of D- alpha amino acids (DAA's) for use in the prodn. of e. 
g. penicillins, cephalosporins, pesticides or sweeteners. 

ADVANTAGE - The mutant DNC has improved stability and provides improved prodn. yields of 
DAA's. . 

Dwg.0/2 

EP 677584 B 

Stable mutants of D-N-alpha-carbamylase of Agrobacterium radiobacter characterised in that, at least 
one of the Cysteine amino acid residues in position 243, 250 and 279 of the amino acid sequence of wild 
type D-N-alpha-carbamylase is substituted with a different residue selected from the group of natural 
amino acids. 
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(54) [98W<D£#0 D - N - a - #;W15 y— j e<D&fefc&M& 
(57) 

3, 2 5 0, *5iV 2 7 9#fc:fcrt5->*^f >0>5"b 

Tg&£*lTfr£D - N - a - #/u/<§ if^CA 
fls\ D - N - a - #/W<* 7 — M<D$t&fr<D 0 V>< fc 

D - N - a - #/W^ y-if <DSgttl«£ 

-e*>6. 
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7182^2 4 3, 2 5 0, *$it/2 7 9ftlC:tett2r> 
#o 

[ft*§4] m^mi{cmm<DD - n - a - 

I^*^5] 2 4 3. 2 5 0, *5it/2 7 9ffil£*5itS 

^ 5 V>< t t-o^r ffi^i l -T9 

7^^111 -T9~^T*B&£ftfcD-N- a -# 

[»*S7l 2 4 3, 2 5 0. *5it/2 7 9ffifc*3ttS 

- a -#A'/<$5— ^56***3— K-f*^^U*^ 
KEH*r*A/-0ftS, Ko 
[91*9(8] ^^U^KEM*. 2 4 3. 2 5 0, *> 
it/2 7 9ffitctett5*>;vr>r v<o5?>4K £t>— o;&s 
- T9^yC«»$tlfcD - N - a - # 
yw<*9-<©***«r=*-KLT^6* ff*JS7|c|2 

[H*^9] ^^U*^KE5U*, 2 4 3*5it/279 

tI^^r-<^7-;;^SL - 77^y-ctft 

£*LfcD - N - a - #/W^ 7-i£<D£gtt£=i- Kb 

0] D - t^yh^t- tf»*Sr3-F-r* 

Ifi^t^A/tftS, ff*^7-90V^ti^-^lC|5 
tt<0»»/9*5 Ko 

I IS ^5 1 1 ] Centraal bureau Voor Schimmel cultures 
KUFKSiV SMfCBS2 0 4. 9 4£gtfT^ 
S> n$&9\£tHR<D77X$ KpSM6 4 5, 

[ff*3gl 2] 2 4 3. 2 5 0, 13 it/ 2 7 9ttfcl:j3tt 



3] :/9*^ K#> 2 4 3. 2 5 0, *Jit/ 
2 7 9 {^iCiolt 5 >f >C0 9 V> < fct>~0#T5 
/KBSL - T 9->-eS&£*l*:D - N - a - */W< 

41 2 4 3*5it/2 7 9fl3K 

^^7^^7^SSSL - T^^^T'Sm^tb 
TcD - N - a - #/w<$ 9— ^o3E^ft:Sr=3- 

[91*31 51 /7^-; K#D- tyyh-ft-fjn 
-K-t-65t*u*f-KEW*^-e4St>0"C*>*. 01 

[»*fil 61 ^MSMC3 0 5 CBS 2 0 4. 9 
4-C^, IfrftJS 1 4 l£lB*0»£«>o 

[»#hi 71 «*«7fcE*w>:/9*$ K-ejWHHfc 

$ ftfc^jg** i t/tt¥ff*> bSiR $ ttS«£*o«« 
r5LT#bttfc3gSfr^«l*3it/»S!^t>H 
sr&fcwmt'-ra, »#*iu:e*<od-n- « - a 

81 :/9*^ K£\ 2 4 3, 2 5 0. *5it/ 
2 7 9fi^*5(t^^9-00 5 *>'>< fc*— otfTS 
/^SL - T^-^Tg&^fcD - N - a - 
S 9-i*4>£Mft:«r=i- K-ra^ * KEMSr^A/ 

IIMWI191 ^$K*, 2 4 3*3it/2 7 9&M 

^^7^f^7^iBSL - T9~v-cg&£*x 

fcD - N - a -*/W^*9— = *--K*r 5* 
^i^^KE^JSr^-C^StO-efca, ff*JSl8lc 

[IS*g2 01 D - N - %sw<*;vt ^/&*fctt:5 - 

D - N - a - ^/W^5; 9— tf<D*a**5it//*fcttD 

- ty^h^^-^*3it/D - N - a -*/W^9— tf 

[fit*! 2 1 1 3C*RJStf D - N - a - 9-^ 
co«ftfl:*5it//*fcW:D - t^yKt- ^*5it/D 

- N - a - *^5 9-i?0«JI#^bft*IMI**ft 
ST?#a»*«id^*tt**tfc±E«*#i3it//*fc 

[»*«2 21 D - N - a - #/W^9~tf<D*«(tt3 
it//*fctttO**i*:ft^^y»||j5R^*ttH*X 

10 0 0 1 1 
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[000 21 ff&gffi 

[ooo3] ufc^o-c, mm<D*£fe&<nmm%%% 

(i) lo^SttoKHfc, (ii)»*©JStt«r«*. 

]E«K*1-C fcttL«L«Hlttt«r#5. 
[0 0 0 41 D-N - a tftt, D-N- 

xli, D - 71=;^!) -» / :joJ:t/D - /<7t Ko^p-i^ 

'J >«©-fr*lc«v>6Ji8) , SKI (S*^J7/pa=u 
-h^©D-^!)V) (D - 77= 

[0 0 0 51 D-N - a - jM** 5 ^Ji^ffl 
[0 0 0 61 

<OB&)XhZ, 0 *?891lcJ;5i:, I?±ID-N- 
B-AM*7-g©i'^f'fV2 4 3, 2 5 0, *5± 

tf2 7 9 cd 5 V>< it s:ys?asic<k 

D- a -r3yBaaM**tt*r&C£#JUH&*t 
fc„ wtUCfcftli, #3g9§C0$-C9lB1tlte, 2 4 3, 2 
5 0, *5,fctf2 7 9{4JC*Jlj-5->^7 1 'r>'7$ /KBS 
CO 9 *>'J>< t t»-o*35»T 5 

*4 5 r 5 / smg-em&S ixx ttictimktr 

D - N - a - #/W<5 7— tfcD'X 1 1 1 ocD£g#£ 

T*^«&&f££te£&3l U r o LX'®b1Xtc£gfti: 
N - a - #/w*$ 7— -tfcox £ t>— ocoSESfroSIji 



«)*fcHLhE«*«»*»e>#e>*lfcD - N - a - 
[0 0 0 7j 

J: tfW*»6>W S. *»WKJ:*D - N - 

6E5!l©2 4 3, 2 5 0, *fc!42 7 9ffiklj3ltS^7 v 
-f^SS (Cy s) c0 5VXtt>lo^L-77 = 
>, L - t!) V> L - y v 5 ^, L - 7/v¥=>, L - 7 
^^7^f^», L - ?>V$ $ L - T*/<73?V, 
L - ^/W^ 5 V, L - t L - ^ y L - 

n^*», L - -ryn-f->y, L -^IJy, L-^0"> 
L- hl/*=y, L- hy7'h7T^, L-7i= 
^77=V« L - *fcttL-7 , D!)y^5, 

[0 0 0 8] #3893<0D - N - a - */W<* 7— 

a) D - N - a - #vW-<5 7— Ki" Site^CD 

b) Ha) •e#feJifcaEJUW**fc»fiH L «r^n- 
~>^9 9-\z9 n-^v^U 

c) xgb) -cwfeixfcaijkit^^^-t?*^**^ 

e) ;j UT#e>^fcD - N - a - 7-foS 

[0009] ©JB6»ttfc*irj 5**©WAtt, 

-Y y If h n -C&feXM*&&ilK> 1 oSrfflV^THJST-t 

-*&ft«©ft?tt, -*«tO-g-^y rf^^u^KS: 

[0 0 10] Zoller.M. J. and Smith, M. , (1982),N 

ucl. Acid. Res. , 10, 6487-650OtC|2^$^fc^ffiCO<gIEj£ 

1 ) D - N - a - 7— tf*fclircD-SB 
IBM) ©ite^^Ml 3?/f7^7!)^77-^fc 

tt**ifct*i-57 , 7^5 K+fcWAu-c, ^sae^ 

5Hc««»ft* y ^ 9 v*r KMUL. 

3) *dW-!»=f^^U^-K*«fflfcr=-5^** 

5) , 

4) -f yfhn-eilHl©fi-g-*Jj;l«e^ci»)r3|c®K> 
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5) g70^Vh^iU "f^tf bn-CllHKDm^ 

nyiffy h (competento){k^ttfcfi^aia«:^R^ 
7) £JI*n-:/£3liR-t-S e 

[0 0 11] £J^&£*t5D - N - a -%/V/<ii7- 
^^itg^tCHLT. rftttlS*^ fl)x.k£Pseudomona 
s ^ Hansenula x Agrobacterium „ Aerobacter x Aeromo 
nas. Bacillus, Moraxella , Brevibacterium > Flavoba 
cteriunk Serratia* Micrococcus „ Arthrobactor, 
fc^Paracoccus^f? 6 ^ t &X$ 5„ ZilbWS. 

fyXDgft&lt LTteBacillus macroides ATCC 12905 . 
Aerobacter cloacae I AM 1221 , Agrobacterium sp. IP 
1-671 . Agrobacterium radiobacter NRRLB 11291 . Ps 
eudomonas sp.FERM BP 1900 jWUff btlZo 

[0 0 12] fr&WCD&^^^Wi&KXtX^ Agrobact 
erium radiobacter NRRLB 11291 fCfi^H" £D - N - a 

- *JW<* y-^Wi^tm^mm^fltio D - N - a 

Ec oR I*5j:tfH i n dill ^IgflCj: 9^7^^ Kp 
SM6 5 1 (CBS 2 0 3. 9 4) *^ 

[0013] #^t^^c y #-1f^feteDagert,M. and E 
hrl ich (1979) , Gene, 6 : 23lCf5® £ Hfc J: 5 ^ Vtf x > 
Mt£ ^Escherichia coli 7 1/18 (*J5§^) <Offl 

[0 0 14] ffi&yy-?<Dl^frb-'*m$:ft-otc 

^AlaiM2 4 3, 2 5 0, *3J:^2 7 9fti^^A 

(1) 5' GAG CAG CAT GGC CCC C 
TC CTC C3' 

(2) 5'CGC CAC GAT GGC CGA A 
TG GCC3' 

(3) 5'GCA GTT CCC G GG C GC G 
GT CGA GAT3' 

[0015] * V =0* ^ U^-^- K^^HrtiK^®. m 
7L\Z*}) 3\ 0 0 0DNAiX>"fer-^^lf— (Beckman) £ 

[0016] &^-c. m~m&&7j >v<D&j&m<D 

[0 0 17] M^U^$r#fc^, -*070^ 



[0 0 18] a7^7^yh(i^y^^^7-f*C^ 

vmm&ztiZo ^omikK^x^ w^<oy^<y^> 

[0 0 19] ±m&®&®^ ^IlTGl^yf 
ii%mM&z-yy-?<oV/ Mc$*titc*A'/<^y 

-ifffl^tes Sanger et al. (PNAS (1977) , 74:5463) \C 
XQWMZtlttmcm^. ftm*yh Sequenase R 
(USB) ^V>TS^J*^Lfc 0 

[0020] *ftw<D%m&<om&& £x*£fe&<D®m 
z-stf-yy*^ h-xj&mm&ztittmmmmtiK mm 

m^bnbtltcf^tKltottim^ SDS-PAGE 

[00 2 1] Weatherburn, M. W. , (1967), (Anal. Chem. , 3 
9:971) \Z.WMi$tltc£5\Z±ifyM®Xftt>htzm\m 

mxn, i-^x<Dm^mz.<>^xmt£$mm<ow&^\£ 
[0022] &tez>mm\cmm (2o-2 5t) xnt> 

D - N - a - #/W<:> 7" tftf>4^<fc 9 t>ji5V^£tt£ 

^Lfc (#)9*3£tf[£ll) o 

[0 0 2 3] 8 8 8tt««lC»£a»*tt*G>8 

ttSr^lCjl3feLfc^, llf^Cy s 2 4 3 A l a 
- C y s 2 7 9 A I a <7>#^t*6 3 

1 8 9 6WtC3 2%t?foofc 0 
[0 0 2 4]iPx.T, D - N - #/W<^- t Kn 
^>7x^yv'yiS:^i^«Cy s 2 4 3 A 
1 a - Cy s 2 7 9 A 1 a *3 WWiMH 

5fe#Sr^-r-tSr^L^: («l 0*3 J: tf[^2) 0 
[0 0 2 5] **WlcJ:tutf. ±BB©i5^aE*»38S 

[0 0 2 6] attlcSL*:^*-!*, rft»*fctt^«J 
W3lty^-tAfL5 6/7^^ h\ /^7yt7 

[0027] *»W^#*u^««icJ:ixri, XARfl 
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*Sr=-K+5ae^*^«^5^5 mtltip SM 
651 (CBS 2 0 3. 9 4) 

So 

[0028] t/yh-ft- t?*5£UW£3!#/i' 

t-ioy) ^^^-pSM6 7 1 (CBS205. 9 

4) +u:fliAf 6-t-c»e>nfc±B^?^^ k», * 

[0 0 2 9] RWO«*«55$ixfc3ie^^J:5»^a 

frh. d - 1 *?v hj-r-vmm&xxfD - n - a - * 

[0 0 3 0] KAMS^HfeD-N- a - $Jl^<*7- 

[oo3i] fcv^, rn6©**»r4«**5 ±i«sii 

[0 0 3 2] Rftl^MRiCMJf^flStt. 

[oo3 3] mmm&Mte. m?Lt£$mT>*e~i>j» 

[0 0 3 4] TTBJ^^fciWr-*:^ BP*># y 9 

A. ^^S/jrA, ft, A, 

[00 3 5] »»li2 5 — 4 Ot, #*L<ri3 0 — 3 
7t:<Oia*, 6-7. 5, »*L<I16. 5-7. 0<O 

pHlcfcvvt, g»T-CtTt)ti5o 

[0 0 3 6] «fflfft&«, M&l»«SfcttWfrTM 

[0 0 3 7] D - a - 7$SWt<DWk\Zt*^X 

I*. jB#»»a«fcr»rench-I>resslc:i 



[0 0 3 8] #&tf>D - N - */W^;V7^y8fcii; 

[0 0 3 9] 5 -Bftt^Vh-f V<D«i LTWt, D, 
L - 5 - ^^-/Wt^^h^y, D, L - 5 -^7t K 
P^ri/y 3 i-/Vt^>'h^y % D, L-5-^f^>fc 
D, L - 5 -4V?ny£)V\L#l/Y4l' > 
D, L - 5 - fx^k W >\ D, L - 5 - /<9 
^ h^f s >7x^/H:^y h^y, D, L-5-/*7*n 
n7x^;Vh^yh^y, D, L - 5 - ^^/Pfc ft"y 

[oo4o] #jsd- a - T^smctovz&mmm 

S/S^ifi^pHfi6-i o, » 
*L<»7-8. 5<0ffirtlCjff^£H5 o ^OpHUa 

[0041] s*o«imueaaft2^3 os*%^& 

[0 0 4 2] S*»^iKK:JD*.b*i/S/<>r^^*fctt 
[004 3] *38W<o*«fe-CKJSSH*:D - a - T S / 
[0044] *^^liA. radiobacter <DD - N - a - * 

e>*bs«i^«»iii^»s^ taw l 5 ^ r t am e> 

[0 0 4 5] *|8WlCj:ixri, 7^7^^ Kp SM6 4 5 
{l^C^SSMC 306i: LTCentraalbureau Voor Schi 
mmelcultures,SK Baam (Hoi land) ICgffc^H, ^ZX'^i 
I6#-^CBS 2 0 4. 9 4frtf£tltz Q 

[0 0 4 6] 

Ml 

/^r!)^77^Ml 3mp 8 cO^$j^(c:jott5D - 
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N - »/w<£ y— If K-j-Safc^OffLfrE c o R 
I - H i ndHI <Q?xi-~^>f : -fy*^ Kp SM6 
51 CBS 20 3. 94 (1 /ig) §:3 7tt6 0» 
IBMJT 1 IMfeOMHISE c o R I *5±tfH i n dll 
I (Boehringer)l££9^trLfc 0 

[0047] »*Kissr6 s^-ci oaramhutsL 

5 0#/^h-C2l$rateHLfc, ?fcV>-CD - N - a - 
U;Vs<%y— ^Sr=i-K-r5E5«Sr^A/*:9 1 5;&g*r 

(bp) COE c o R I - H i n dill ^^K^rGelase™ 
(Epicentre Technologies) 9 f&Si Lfc 0 

[0 0 4 8] rO/^KKttS-r-SDNAtlrtf (0. 0 
2/xg) H«IK»*-C9«PrUfca«)^^-Ml 3 
m P 8 (5 0ng) » 6 6mM 

M)*HC1 pH7. 6, ImMATP. lOmMMgC 

1 2 , 1 OmM^^ h-/W (DTT) 

2 0 m 1 *T 4 DN A V 1 Utf)#&T 1 6^ 

i emmffotco 

[0 0 4 9] *v^-C!l<f— (5m 1) 4r 
ffi^T, 50mMCaCl 2 ^ Vt^x Mb£ft*:;*:J3& 
S71/18 (BRL) <Z>J»jaSr»«te»S-frfc(Dager 
t,M.and Ehr 1 i ch ( 1979), Gene, 6:23) 0 

[00 5 0] &^-CJB«|Eifc#S: 40/z g/ml0>X - G a 
1 ( 5 - ^ n * - 4 - ^ o n - 3 - 4 > K 9 - D - f- 
*tfy? b*y/ VK) *5<fclM 2 5 Mg/ml^ I PTG 

Wy^n^v- p -D-^*tfyt YVyS VK) ^ 
*C0YT*^ (8g/l/^ M>9^hV(DIFC0) . 5g/ 
1 N a C 1 ) <D7U— h±-C8J*Lfc 0 

[00 5 1] ±15(7) J: 5 KHftffLT. ^Sc^S&ffifiSlx. 
^7-^ (66) Srttfctf, ^*ttt#»*^* rtffe) 

[0052] EcoRI - Hind III gr^^lf A^jE 

7— ^d^bWIU EcoRI :fc<fctfH i n d III 8$ 
(Boehringer) T-glfr Ufc c 

[0 0 5 3] flHttW^XACIIBStt-tMaj: LTJH^fe 
W-*«^^fyt77-^DNA (SS) SrgHt:/ 

fc 0 

[0 0 5 4] W2 

^y=^l OOODNA^ytt-ff- (Beckm 
an) <&%\jjfe\C£ *)-&$LLtc 0 ftl-. 

(1) 5'GAG CAG CAT GGC CCC C 
TC CTC C3' 

y s 2 4 3->A 1 a Srj¥A"T5 ; 

(2) 5'CGC CAC GAT GGC CGA A 



TG GCC 3' 

£MC y s 2 5 0— A 1 a Sr^A-fS ; 

(3) 5'GCA GTT CCC G GG C GC G 
GT CGA GAT3' 

y s 2 7 9— A 1 a £}f A1~6o 

[0 0 5 5] ^tSli^r^>^3 Ky?rT7^ 

[00 56] 100mMMJ*H 
CI pH8> 10mMMgCl 2> 5mMDTT, lmMA 
TPid^TA^]) ^^^^K^^(Promega) 2 
U'&*<DKJSffi'g* 3 0 m 1 * 3 7 1 3 0 4MB<D-f V 

[0 0 5 7] *v^-CP^^Mfc*5=r^^u*^m* » 

3g#^|g^^V^f^i-^fc^, Zoller and Smith(198 
3,Methods in Enzymol. , 100:468-500) {C|B®^tufc*& 

nf»^^3y2" (Amersham)£r/8^T> -OtT 

[00 58] Tfc\,^RjfcM&yotem&<o J: 5 lC^d»ST 
G 1 (Amersh^^»ia4r«SfeS*5fc«>lwfflV^fc 0 

[00 5 9] «&i*fta£lta>&ftb*L5 6^7-^ 
l:S*t5/^7!)*7r^DNAtt» a*U^a 
<B#ft£tt»*-*fcftfc:* Sanger et al. (PNAS(1977), 7 
4:5463) fcE*Sftfc#jfcfc£<5** Sequenase 2. 0' * 
5/ b (United States Biochemical) "CE^^^Lfc* 

[0 0 6 0] #13 
/7^^ KpSM6 7 ll:fett$^Cy s^A 1 a 

!l*77-^^*«DNA(0#><r 1 . 0 ji g «rffiilB# 
^EcoRI *5<fctfH i n dIII(2U) -CgJBrU ^ 
ftBffllfiBX-eilElcaWfSttft:^^^ Kp SM6 7 1 

CBS205. 94 (lug) tW^^ito 
*RJ6W:T4 DNAy^f-if2U. /^fS^r- 
^DNAl 5 Ongjoi^y^^ KDNA5 0ngtSf 
Lfc D tf—emffiWi 20Mltl6t-C16 BJBMto 
fc 0 

[0 0 6 1] ftV^^«5/i 1 fcAJwr, *8§«7 
1/18 (BRL) On^tr^VhjftjaSrJBJMEjftS* 

[0 0 6 2] Jg®«K&tttt |ig/ml^n7A7x^ 
a— /P&£*TL*:LB*^«Jft (0. S^o^^hhyT" 
hy x 0. 5%gf#^3r;*. 0. 5%NaCK $^1 

8g/l) ^u-HtlRlfco 
[0 0 6 3] r 9 UT#^tlfc^ttCm r ^n-V (^ 

^ KDNA^r, 3fie^(OjE?*ftl*ASr*Bi-5fc«)lC, 

[0 0 6 4] r o \^X'&bti1t7y*^ K«rpSM6 4 
1 (»Cy s 2 4 3-A 1 a Sr#-f5) . P SM6 4 
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2 (S^Cy s 2 5 0—A1 a Sr^Tt*) . P SM6 4 

3 (£^C y s 2 7 9-A 1 a Sr^-fS) tWhtZ. 
100 6 5] f)4 

/7^^KpSM64 1, pSM6 4 2, &£Tfp SM 
6 4 3^tS^«^> 20/zg/iDl^n7A7 

<7>5 0rol7?^^*^aU, (2 0 Orpm) 3 7 

KpSM6 3 7t^«*W7 1/1 8(D»^±I2^ 

[0 0 6 6] ft0^ttHI8Jc*l 2 0 0 Orpm "C 1 
fcbfc (d-^-SJ 14, Beckman) 0 - 9 LT^ft 
fc»S£2 OmMby^HC 1 pH7. 5. 20mMMe 
OH. 2 0%^!) tn-;VOfii«3 0 0 m 1 I^SSS 
U S^S^S (Soniprepl50,5p*S«E-CMSE 
^y/^) J: 98*1 #»**2 0 jt 1 £S 

DS - PAGEXtfSttl«fc±9#*fLfc. 
[0 0 6 7] -r^-CoHBtWSvMc 

[ 0 0 6 8 ] m 5 

fflCy s243Ala-Cys250Al aJS^tf 
Cys243Ala-Cys279Ala «r£A/*:3ES 
#£#fc> SA3ii6*»«r£A/«2o<D*P 
:* * * K (#* > KAftC ys243Ala-C 

y s 2 5 0A1 alCOV^*5^^^***Kl*5J:W 
2, JS#Cy s 24 3Ala-Cys 2 7 9AlalC 
OV^T^-i; =0** U^Kl^<tt/3) *iai*WlD*.b 

^tfhn«JWIM3WL #a*«tt*»«TGl©«i 

8fift:/9— ^moj^felWtStbfc^** KDNA 

[0 0 6 9] #J6 

/7^^ KpSM6 7 i^jatf&z:agft(»o»^p 

£^tf#/W<^~i^^£:/7*^ KpSM6 7 1 
CBS20 5. 9 4*C/^f9^77-^DNA^b 

ftfc:/5*S Kttp SM6 4 4 (Il^Cys24 3 
A 1 a - Cy s 2 5 0 A 1 a £^3) &J:tfp SM 6 
4 5 (Hfi^gC ys243Al a - C y s 2 7 9 A 1 



a£#-t-£) ir^Az/Co zfy^^ KpSM6 4 5 5:1^tf 
;*J§^tf>*n— y|i56#SMC3 0 6-?^bfc 0 
[0 0 7 0] ^7 

7 p 7^^KpSM6 4 4ioJ:T^p SM 6 4 5 Sr£A/«* 

»ffc0>g£fcE»-fa u-</H?3£§i,£ ft* - 1 ^ U 
fc. 

[0 07 1]«8 

P p 7^U*pSM64 1, p SM6 4 5*5£tfp SM6 
3 7 (nyhP-;v) £#*£A,«:fcB«0*<D38»a> 
&#fc/<>f*^^Sr2 SmMFD^HC 1 pH7. 0. 
2 0%(v/v) ^9-feo-/W0>««» ($®$A) 
U French-Pressed 1 8 0 0 Opsi (» 1 2 6 0 kg/ 

cm 2 ) -emmtstto 

[0 0 7 2] 8MMfc0>&ib (3 0 00 Orpm , 4t\ 3 
0#IB) «ic»6>ftfc±aSr«»«A-C¥«ftS*tfc S 
epharose R Q F F (Pharmacia) ^7^ (2. 6X20 
cm) ±lcwtfc 0 ftv^-C*5ASr»WKA (#9A<0 3 
ffiFSft) -CJJIB^U ^tf>^0-0. 4MONaCl* 

^/^Stt<fc**T,ra«*A-e¥«ft*tlfcFast Flow 
Chelating Spharose R (Pharmacia) ^7^ (2. 6X2 
0 cm) ±\Z.(D^1t 0 

[0 0 7 3] «««At?*7Aftas*Lfc«. <£ft£^ 

fc. SSIftttSr^i-S^iBS:**^^ YM1 OR(Amico 
n)-CH^»ia^J:9««lUfc. RVvCfclH^MHHK 
AT^ffc^itfcSuperose 1 * 12HR10/30 (Pharm 
acia) ^7A±Mt, ^«««-C»tilS*fco »*» 
tt«r*-f*#HSrSDS - PAGEfciO 1 2. 5%"C 
#tff Ufcfc £5* 3 6 0 0 0 KA' h V"C*fift 9 

[0 0 7 4] 0. 2M NaP0 4 pH7. 0 (DWffi 
l&tp&Kt Lt 0. 1 2M D-^/W^;W^7tKo 

-5tt8-9U/mgTfeofCo 

[0 0 7 5] *ttfc^5fflBfc 4 0ttl»WK 
[0 0 7 6] W9 

(£>DynaGard (Microgon, Inc. )T^8l&#TMii Lfco & 
l^Tiftl&O— (0. 2ml) SrEppendorf jRMKIkfftC 
Att, M (2 0-2 5t) "CllttLfc. ttBflttftftlll 
Pb1PST% »B»*SttttpH7. 0<O0. 2M!)y»t 
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^icit) 4 0 < t-ew^fc o 

[00 7 7] fcljSitfBltt:. hr -CS^ 



-) . f^Cy s 2 4 3 A 1 a (- + -) *5<fct/C y 
s243Ala-Cys279Ala (-*-) 

[0 0 7 8] 
[^1] 







«1 


(X) 




WT 


Cys248Ala 


Cys248Ala-Cys279Ala 


0 


1D0 


100 


100 


168 


55 


70 


91 


480 


18 


SB 


70 


888 


0 


5 


68 


1056 


0 


1 


58 


1896 


0 


0 


32 



[00 7 9]«jl0 

tf33JltyggftfrCy s 2 4 3 A 1 a 
-Cys 2 7 9Ala Wl<D&&l3<DticXt 
Kl: (0. 0 64Wml) /W<* 7— tfjo 

it;i^;W^7-fCy s243Ala-Cys2 
79Ala^ pH7. 0 <D 0 . 2M!)y8tM)?A 
MWl 0 OmlfiCD - N - #yl"<Syw<9fc Kn*V 
^-/W^ *J i/V (2 5. 2mg/ml)Sr^#Lfc4 Otir 
■J— «*3r MBfii5*tb5 2o(D^B(^AUfCo M'J 

eh 

GAGCAGCATG GCCCCCTCCT CC 

[0081] m\m-% : 2 

KH©fi3 : 2 1 

ga^uoM : mm 

en 

CGCCACGATG GCCGAATGGC C 
[00 8 2] 3 
gE?lJt£g£ : 2 4 

: -*§l 

EM 

GCAGTTCCCG GGCGCGGTCG AGAT 

-) > 3E*#Cy s 2 4 3 A I a (- + -) fcictfCy 
s 2 4 3Ala-Cys 2 7 9Ala (- * -) 



^y^oft-efe^o ( ) H»4I*^S9Hf 

fc, (- + -) tt*^5?-ifO*JI#*r*iT^PJi« 
-To 
[0 0 8 0] 

E?«#-J§- : 1 
E?9<0«$ : 2 2 



gfi^JcOS® : DNA 

22 

E?i]C0«S : DNA 
E59tf>#» : 

iw«re* : 

21 

E?IJ<D«S: DNA 

24 

[0 2] »*®*/W^*9—^*5J:t/**frCy s 2 4 
3Ala-Cys279Ala E80>±j£#0>JtiR«r^ 

|g*efc5 0 ( ) itm±m*;i"<$7—M 

i- 0 
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mi] 



IM2] 




6 



(51) Int. CI. 

C12N 1/21 8828-4 B 

15/09 ZNA 

//(C12N 9/14 

C12R 1:19) 

(C12N 1/21 

C12R 1:19) 

(C12N 15/09 ZNA 

C12R 1:01) 



C12R 1:01) 



4 



